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Introduction
Special Forces "Green Beret" Soldiers conduct special warfare operations, which includes training, advising, and assisting host nations and building indigenous warfighting capabilities [1] . To conduct these operations, Soldiers must possess cognitive skills to plan missions, adapt to unexpected life-threatening situations, work in teams, and communicate in foreign languages. Physical strength and endurance are also necessary to traverse long distances while carrying heavy loads. Soldiers must be resilient to a variety of mental and physical stressors, since they deploy frequently to challenging environments where various types of combat may occur [2] .
To be enrolled in the training to become a Special Forces Soldier, that are unpredictable or not within an individual's control induce stress responses and anxiety [3] . The majority of volunteers (> 50%) do not successfully complete SFAS [4] . Psychological hardiness measures are higher among successful compared to unsuccessful Special Forces candidates [5] . SFAS is a unique model to comprehensively evaluate behavioral and physiological predictors of success in a multi-stressor environment with real-world occupational consequences, which may generalize to other occupational, physical performance, or competitive athletic contexts. For example, studies using models of strenuous military training established grit as a non-cognitive trait that is predictive of success in varied educational and professional domains [6, 7] . Grit and other psychological measures (intelligence, aptitude, and resilience) have been reported to predict success in SFAS to varying degrees [4, 5, 8, 9] . Physical performance measures, namely loaded road march times, robustly predict success, while run times, fitness test scores, pull-ups, and obstacle course scores also predict success in SFAS to a lesser extent [4, [8] [9] [10] . However, the most recent reports used data from nearly a decade ago (2008) (2009) ) and most have not undergone peer-review with one exception [8] .
Previous investigations have typically been limited to data routinely collected during SFAS. No study has determined whether basal physiological markers are predictive of successful outcomes or behavioral assessments in SFAS, such as physical performance or psychological measures. Establishing the predictive ability of basal physiological markers is important because these markers can potentially be assessed for surveillance purposes and integrated into personalized medicine initiatives to monitor Soldiers' health and performance. Cortisol, dehydroepiandrosterone-sulfate (DHEA-S), epinephrine, and norepinephrine are known to increase in response to acute stressors during military training [11] [12] [13] . Cortisol is the primary marker of hypothalamic-pituitary-adrenal axis activation [14] and also exhibits sharp increases upon awakening. DHEA-S is an adrenal steroid secreted with cortisol in response to stress [13] . Neurotransmitters epinephrine and norepinephrine are released rapidly in response to stress to modulate the classic fight or flight response. Realistic military training decreases testosterone [11, 12] , the primary anabolic hormone to promote muscle strength and mass and therefore support physical performance. Sex hormone binding globulin (SHBG) is a steroid binding protein that regulates testosterone bioavailability. The inflammatory marker C-reactive protein (CRP) is associated with poor physical performance in older adults [15] . Each of the aforementioned markers may therefore predict success and performance in stressful military training. The present investigation comprehensively assessed the relative contribution of physical performance, demographic, psychological, and physiological predictors in a single large cohort of candidates. Associations between physiological markers and behavioral assessments, including psychological measures and physical performance were also determined. The findings of this study may establish characteristics associated with successful performance in mentally and physically stressful environments, which may improve recruitment, retention, or performance enhancement initiatives for military and other highly stressful professions.
Materials and methods

Participants
All participants were active duty, male, U.S. Army Soldiers enrolled as candidates in SFAS. To be eligible, the Soldier must be a U.S. citizen, at least 20 years old, possess an Armed Services Vocational Aptitude Battery General Technical (ASVAB GT) score of 110 or higher, possess or be eligible for a security clearance, and possess or be eligible for Airborne training. On the day of arrival, candidates were recruited for a longitudinal study by an informational briefing that explained the overall study purpose was to identify predictors of success in Special Forces training. Candidates were offered a $25 payment for each blood draw completed. Candidates were recruited from 12 SFAS courses between May 2015 and March 2017. Of the 1750 candidates briefed, 821 provided written consent to participate in the study (47%). After excluding 14 participants that voluntarily withdrew after providing consent, and 7 participants that enrolled in the study twice, 800 participants provided data at the start of SFAS (Fig. 1) . The 7 participants that enrolled twice participated in two attempts at SFAS, after not being selected on their first attempt. Data from their first enrollment were excluded.
Demographics and psychological predictors (grit and resiliency) were obtained following consent procedures on the day of arrival. Fasted morning blood samples were obtained the next morning prior to the start of the course. The remainder of the physical performance and psychological predictors were obtained during SFAS by USAJFKSWCS staff with the exception of the ASVAB, which candidates complete prior to enlisting in the military. Instructors and other staff (USAJFKSWCS personnel) also collect data from events occurring during SFAS as part of their routine activities. To avoid interfering with selection procedures, staff from this study did not collect additional data during SFAS. The sample size varied for each predictor variable from 797 to 800 for demographic predictors, 692 to 797 for psychological predictors, 478 to 790 for performance predictors, and 790 to 797 for physiological predictors (Fig. 1) . Since participants may voluntarily or involuntarily drop out of the course at various points, the number of participants available for each predictor varies. This research was conducted under a memorandum of agreement between the U.S. Army Special Operations Command and the U.S. Army Research Institute of Environmental Medicine (USARIEM). The Institutional Review Board of USARIEM approved this study. The investigators adhered to the policies for protection of human subjects as prescribed in Department of Defense Instruction 3216.02, and the research was conducted in adherence with the provisions of 32 CFR Part 219.
SFAS course procedures
At the start of the course, the Army Physical Fitness Test (APFT) was administered to all candidates, who had to receive a minimum score to continue. They then performed pull-ups, and a combat readiness assessment, consisting of high and low crawls, casualty drags and carries, ammunition can carries, and other tasks. Psychological screening assessments, including intelligence and aptitude testing were conducted. At various times over the 19-20 days of the course, candidates completed multiple timed runs and loaded road marches over wooded terrain. Candidates are not told the distance or time limits of runs and road marches. They also complete an obstacle course over a mile long consisting of approximately 20 obstacles that includes climbing ropes and nets, crawling through dark enclosed tunnels, and traversing apparatuses while maintaining balance at elevated heights. Throughout the course, candidates continuously engaged in physical training and numerous team events to demonstrate problem solving and teamwork. Team challenges may require candidates to assemble unique contraptions and develop plans to move equipment or objects, such as rifles, sand bags, and vehicles, with limited supplies and resources. Candidates completed peer evaluations on their teammates, which are reviewed by USAJFKSWCS personnel. To demonstrate competence in land navigation, candidates had to locate grid coordinates in unfamiliar wooded terrain within the allowable time limits using only a paper map and compass without assistance. Activities generally occurred according to the same schedule during each SFAS course and take place during the day and night and during adverse weather conditions, including hot and cold temperatures and precipitation. Prior research indicates candidates sleep < 6 h per day in the course, on average [16] . Although caloric intake is not intentionally restricted, candidates consume only military rations and experience negative energy balance [16] . Candidates may voluntarily withdraw or be involuntarily withdrawn for not meeting course standards at any time. In addition to completing all components, a board of USAJFKSWCS personnel made the final determination to select a candidate based on whether the candidate possess the Army Special Operations Forces attributes (integrity, courage, perseverance, personal responsibility, professionalism, adaptability, capability, and being a team player).
Physical performance predictors
USAJFKSWCS personnel administered several physical assessments as routine course requirements at the time of this study. The APFT consists of three events: push-ups, sit-ups, and a two-mile run. Candidates receive a score between 0 and 100 for each event with maximum score totaling 300. Number of pull-ups completed was also recorded. Candidates completed two additional timed runs and two timed loaded road marches. The distance of the runs and road marches were the same for each iteration of the course. Run and road march times were recorded in minutes. For the obstacle course, the overall score was calculated as the sum of the points received for each obstacle completed. For the land navigation task, total number of coordinates successfully located was recorded. The USAJFKSWCS personnel provided selection outcomes, including whether the candidate was selected, involuntarily withdrawn, or voluntarily withdrew, to study investigators. The reasons for not being selected were categorized as follows: 1) failed to meet SFAS standards; 2) failed APFT; 3) involuntarily withdrawn for medical condition; 4) voluntarily withdrew due to lack of motivation; 5) withdrawn for integrity violation; 6) voluntarily withdrew due to medical condition; 7) withdrawn due to losing equipment; 8) withdrawn due to safety violation; or 9) other reason.
Demographic predictors
Most demographic information was obtained by self-report on a standardized background questionnaire administered prior to the start of the course following consent procedures. Demographics included age, education, marital status, number of children, whether or not the volunteer graduated from Ranger school, geographic area of origin, community of origin, and years of active duty. For geographic area of origin and community of origin, participants selected one option to indicate where they lived the longest before they were 16 years old. The officer/enlisted status designation (active duty enlisted, 18× enlisted, or commissioned officer) was provided by USAJFKSWCS personnel. Enlisted personnel were differentiated as active duty or 18× because these individuals originate from either the active duty population, or the 18× enlistment option. The 18× enlistment option is a direct enlistment option which provides recruits the opportunity to attend SFAS following their initial Basic Combat Training and Airborne training. Enlisted personnel attending SFAS that originate from the active duty population serve in the U.S. Army before attending SFAS.
Psychological predictors
Grit and resiliency were assessed by self-report prior to the start of the course when the demographic information was obtained. The Duckworth short grit scale, which is an adaptation of the original grit scale [7] , was used to assess grit. The short grit scale is an 8-item questionnaire that measures perseverance and passion for long-term goals on a 5-point scale (ranging from 'very much like me' to 'not like me at all'). An aggregate score is calculated by summing the score for each item and dividing by eight, resulting in a range of scores from one (less grit) to five (more grit). Resiliency was assessed with the ConnorDavidson Resilience Scale (CD-RISC), which is a 25-item questionnaire that measures stress coping ability on a 5-point scale (ranging from 'not true at all' to 'true nearly all of the time'), with a possible range of scores from 0 (lower resilience) to 100 (higher resilience). CD-RISC scores differentiate the general population and clinical populations with anxiety disorders [17] .
General intelligence and aptitude were characterized with standardized assessment procedures and provided by USAJFKSWCS. All enlisted personnel (but not officers) are required to complete the ASVAB prior to enlistment to ensure qualification for entry to the Armed Forces. The ASVAB assesses aptitude with multiple timed subtests, including general science, arithmetic reasoning, word knowledge, paragraph comprehension, mathematics knowledge, electronics information, automobile information, shop information, mechanical comprehension, and assembling objects. Composite scores from various subtests determine whether enlistees qualify for certain career fields and military occupational specialties. The ASVAB General Technical (GT) score is the sum of the arithmetic reasoning and verbal expression score (a composite of word knowledge and paragraph comprehension score). Validity of the ASVAB is well-documented [18] . Candidates completed an IQ assessment and Test of Adult Basic Education (TABE) as routine assessments, following the APFT. Therefore, candidates that did not pass the APFT, did not progress to complete the IQ assessment or TABE. The IQ assessment used is equivalent to the Wechsler Adult Intelligence Scale. The specific assessment used cannot be disclosed because releasing this information could interfere with ongoing selection procedures. The IQ assessment included 10 timed subtests; five comprise the verbal scale (information, comprehension, arithmetic, similarities, and vocabulary) and five comprise the performance scale (digit symbol, picture completion, spatial, picture arrangement, and object assembly). Normative verbal IQ (VIQ), performance IQ (PIQ), and full scale (FSIQ) values have a mean of 100 and SD of 15 in the general population. The TABE assesses basic skills in reading, mathematics, and language among adults. Scores represent grade equivalents ranging from zero to 12.9, representing school year and month.
Physiological predictors
Fasted blood samples were collected by median cubital venipuncture between 4:30 and 6:30 am, one day preceding the start of selection procedures. Samples were centrifuged and processed to isolate serum, then shipped on dry ice to the analyzing laboratory and stored at −80°C until time of assay. Cortisol, DHEA-S, testosterone, SHBG, and high sensitivity CRP were assessed by immunoassay using a chemiluminescent detection method with an Immulite 2000 automated analyzer (Siemens Healthcare Diagnostics, Tarrytown, NY, USA). The detection limit for CRP was 1.9 nmol/L. Enzyme-linked immunosorbent assays (ELISA) were used to measure epinephrine and norepinephrine (BI-CAT® ELISA kit, DLD Diagnostika GmbH, Hamburg, Germany).
Statistical analyses
Analyses were performed with SAS statistical software (version 9.4; SAS Institute, Cary, North Carolina). Levels within categorized predictors were summarized with descriptive statistics [percentages, frequencies, means, and standard deviations (SDs)]. The probability of selection was determined for each level within categorized predictors and the resulting percentages and 95% confidence intervals (CIs) were plotted as figures similar to forest plots denoting the average probability of selection (31%). The likelihood of selection [odds ratio (OR), 95% CI, and Wald χ 2 ] was also determined for each level of categorized predictor relative to a referent group using logistic regression. Because ORs are not symmetrical on the linear scale, levels within categorized predictors were ordered such that the ORs calculated relative to referent groups were consistently displayed as > 1.00, when possible. Psychological predictors (except TABE score), performance predictors, and physiological predictors (except CRP) were categorized as quartiles. Quartiles of run and road march times were displayed in reverse order since lower quartiles correspond to faster times. Ties that occurred at quartile cut-off points were included in the lower quartile category. The TABE score was categorized as < / = 12.9 due to skewing towards the maximum score (12.9) . Similarly, the inflammatory marker CRP was categorized as ≥ / < 9.5 nmol/L (equivalent to ≥ / < 1.0 mg/L) due to expected skewing towards low values and because values < 9.5 nmol/L are generally accepted to indicate low or absent inflammation [19] . Raw data, including means and SDs, for the ASVAB GT score, IQ scores, pull-ups, land navigation coordinates found, obstacle course score, APFT score, run times, and road march times are not permitted to be displayed by USAJFKSWCS because releasing this information could interfere with ongoing selection procedures. Psychological, physical performance, and physiological predictors were also analyzed as standardized continuous variables using logistic regression, such that the likelihood of selection (OR and 95% CI) reflected a change in the odds of selection per one standard deviation change in the predictor variable. Nagelkerke R 2 was also determined in analyses of continuous predictors to estimate the percentage of variation in selection outcome explained by each predictor and facilitate comparison with prior analyses [4] . Run and road march times were multiplied by −1.0 prior to analysis of continuous predictors. When continuous variables were not available (demographics and CRP), Nagelkerke R 2 was determined from categorical analyses. Pearson's correlation coefficient (r) was used to determine the relationship between physiological markers, psychological measures, and physical performance. Pearson's partial correlation coefficient was used to adjust SHBG correlations for testosterone and testosterone correlations for SHBG. Differences in the proportion of candidates with elevated CRP (≥ 9.5 nmol/L) for each level relative to a referent group of categorized psychological and physical performance measures were determined with Wald χ 2 . Differences were considered statistically significant where the 95% CI for the OR excluded 1.00 and/or p < .05 for Wald χ 
Results
The overall probability of selection, the successful completion of SFAS, was 31% (247 out of 800). Among those not selected, the majority (54%) failed to meet SFAS standards, 15% failed the APFT, 9% were involuntarily withdrawn for a medical condition, 6% voluntarily withdrew due to lack of motivation, 5% were withdrawn for an integrity violation, 3% voluntarily withdrew for a medical condition, 3% were withdrawn for losing equipment, 3% were withdrawn for other reasons, and 2% were withdrawn for a safety violation.
Physical performance predictors are presented in Fig. 2 . Road march 2 and road march 1 times accounted for the largest proportion of variance in selection outcome (R 2 ), followed by the number of land navigation coordinates found, run 2 time, run 1 time, APFT score, obstacle course score, and number of pull-ups. When predictors were analyzed continuously, a one standard deviation increase in each physical performance variable predicted candidates were 4.78 (road march 2), 4.54 (road march 1), 2.44 (land navigation), 2.18 (run 2), 1.96 (run 1), 2.22 (APFT), 1.65 (obstacle course), and 1.49 (pull-ups) times more likely to be selected.
Demographic predictors are presented in Fig. 3 . Officer/enlisted status accounted for the largest proportion of variance (R 2 ), followed by years of active duty, education, number of children, attendance at Ranger school and geographic area of origin, and marital status. Soldiers that were officers or 18× enlisted (fast-tracked to SFAS), had < 1 year of active duty, ≥ bachelor degree, no children, were Ranger school graduates, from the Mountain region, and not married were more likely to be selected (p < .05). There were no statistically significant differences in probability of selection according to age or community of origin. Psychological predictors are presented in Fig. 4 . FSIQ explained the largest proportion of variance (R 2 ), followed by PIQ, TABE score, VIQ, CD-RISC score, ASVAB GT score, and grit score. When predictors were analyzed continuously, a one standard deviation increase in each psychological variable predicted candidates were 1.56 (FSIQ), 1.52 (PIQ), 1.46 (TABE), 1.38 (VIQ), 1.36 (CD-RISC), 1.29 (ASVAB GT), and 1.20 (grit) times more likely to be selected. Physiological predictors are presented in Fig. 5 . Cortisol, SHBG, and CRP each explained approximately 1% of the variance in selection outcome (R 2 ). Those with epinephrine levels in Q3 were significantly less likely to be selected than those with levels in Q1 (25% vs. 35%), but the negative association did not persist among those with levels in Q4. There were no statistically significant differences according to categorical levels of testosterone, SHBG, or norepinephrine. When predictors were analyzed continuously, a one standard deviation increase in cortisol and SHBG predicted that candidates were 1.19 and 1.23 times more likely to be selected, respectively. Those with CRP levels < 9.5 nmol/L were 1.65 times more likely to be selected than those with levels ≥9.5 nmol/L.
Correlations between physiological markers, psychological measures, and physical performance are shown in Table 1 . Overall, correlations were relatively weak (r ≤ 0.15). Cortisol positively correlated with grit scale and CD-RISC score. DHEA-S was inversely correlated with CD-RISC scores, number of pull-ups, and obstacle course score. DHEA-S was also positively correlated with road march 2 time (i.e. slower time). Testosterone, adjusted for SHBG, was inversely correlated with run 2 and road march 1 time (i.e. slower times). SHBG, adjusted for testosterone, positively correlated with TABE score, number of pullups, land navigation points, obstacle course score, and APFT score. Epinephrine was positively correlated with road march 2 time (i.e. slower time). Norepinephrine was inversely correlated with land navigation points and positively correlated with run 1 and 2 times and road march 2 time (i.e. slower times). A lower proportion of candidates with the highest APFT scores and fastest road march 1 times had minor elevation of CRP (Table 2) . Psychological measures were not associated with CRP (p > .05, data not shown).
Discussion
This study assessed predictors of successful selection in the stressful U.S. Army SFAS course. The study also determined associations between physiological markers and behavioral assessments, including psychological measures and physical performance. Successful completion of this course is required for enrollment in U.S. Army Special Forces training. Overall, physical performance measures were most predictive, followed by demographic and psychological measures. Basal physiological markers, including CRP, cortisol, and SHBG, also predicted success to a lesser extent and several physiological markers were weakly associated with psychological measures and physical performance. These findings may improve recruitment and retention initiatives and specify the predictive measures that could be targeted in interventions designed to enhance performance and resilience. They may also be applicable to selection and training of optimal candidates for other professions that require high levels of both physical and mental performance, such as police, firefighters, and some professional sports.
Among physical performance measures, road march times explained approximately one-third of the variance in probability of selection, followed by number of land navigation coordinates found (19%), run 2 time (14%), run 1 time (11%), APFT score (11%), obstacle course score (6%), and number of pull-ups (4%). These findings are similar to those reported previously [4, 9, 10] . Faster times were associated with higher probabilities of selection, with the majority (67%) of those in the fastest quartile of road march times achieving selection. It is not surprising that physical performance measures are the most predictive, considering performance on these events are an objective criteria for selection. Other predictors, including physiological measures, would therefore be expected to explain less variance than physical performance measures, but are nonetheless informative.
Among demographic predictors, officer/enlisted status explained the largest proportion of the variance (8%), followed by years of active duty (7%), education (5%), number of children (3%), Ranger school (2%), and marital status (1%). Enlisted Soldiers in the 18× program, which provides nearly direct access to SFAS, appeared to have a probability of selection more similar to officers (40% and 46%, respectively) than active duty enlisted Soldiers (19%). The reasons for this disparity are not clear, however, a larger proportion of 18× enlisted Soldiers (35%) reported having a bachelor degree than active duty enlisted Soldiers (14%) and those with a bachelor degree (officer and enlisted alike) were more likely to be selected. This corroborates previous reports that also found total years of schooling predicted selection [4, 8] . Education is associated with various health behaviors [20] [21] [22] , which may enhance effectiveness of training for physical performance events. However, this finding should not be construed to imply that personnel who have not graduated from college cannot succeed in the challenging course because 57% of the selected candidates in the present study completed only some college or were high school graduates.
Fewer years of active duty (< 1) were associated with increased probability of selection, which is in agreement with increased probability of selection among 18× enlisted candidates. Graduates of Ranger school, a mentally and physically challenging combat leadership course, had a 50% probability of selection, which exceeds the 29% probability of selection of those that were not graduates of Ranger school. It is likely that in addition to the specialized experience gained in the course, Soldiers that graduated from Ranger school already possess characteristics that are similarly associated with success in SFAS. Ranger school explains a smaller proportion of variance in selection outcome (2%) relative to other demographics because only a small proportion of candidates (9%) are Ranger school graduates. Additionally, candidates that were not married and had no children were also more likely to be selected. This is consistent with trends in the general population to delay marriage and childbearing among both men and women in pursuit of economic stability [23] . Similar to civilians, Soldiers may also delay certain life events in pursuit of professional goals.
Among psychological predictors, intelligence (full scale IQ and performance IQ) explained the largest proportion of variance (6% and 5%, respectively), followed by grade level equivalents (3%), verbal IQ (3%), resilience score (3%), ASVAB GT score (2%), and grit score (1%). Prior reports found similar patterns such that general intelligence as measured by Wonderlic IQ scores [4] and ASVAB GT scores [4, 8] explained a larger proportion of variance in SFAS selection outcome than grit scores measured by the Duckworth short grit scale. Cognitive ability has also been identified to be a primary predictor of success in academic [24] and other occupational settings [25, 26] , and is reported to be more strongly correlated with academic performance than grit [27] or conscientiousness [28] , a measure highly correlated with grit [27] . Intelligence measured with aptitude tests correlates with performance during simulated military exercises [29] [30] [31] [32] . Intelligence may directly influence candidates' ability to meet requirements during SFAS successfully, since the course includes complex challenges such as limited availability of information, absence of feedback on individual performance, and the need to correctly perform problem-solving tasks. Similar to education, intelligence is also associated with positive health behaviors [33] , and may exert indirect effects by enhancing the effectiveness of training for physical performance events prior to SFAS. Grit is defined as perseverance and passion for long-term goals [6] and is described as the tendency to work hard despite setbacks and tendency to not frequently change goals and interests [6, 27] . Resilience, as assessed by the CD-RISC, is intended to measure stress coping ability. The ability to persevere despite setbacks and cope with stressors are likely to be important non-cognitive traits that relate to success in SFAS, a multi-stressor assessment in which candidates experience setbacks. The relative importance of cognitive compared to non-cognitive traits to predict success in various domains remains a matter of ongoing discussion [27] . Physiological variables weakly predicted selection, including CRP, cortisol, and SHBG. Minor elevation of the inflammatory marker CRP (≥ 9.5 nmol/L) was associated with a lower probability of selection and worse performance on the fitness test and road march. CRP is a nonspecific marker of acute inflammation that is elevated in response to injury or infection [34] . CRP is elevated following strenuous exercise [35, 36] , but this effect is transient and regular physical activity is associated with lower basal CRP concentrations in observational studies [37] . Body composition may mediate the associations observed in the present study, as CRP is elevated among overweight and obese adults [38] and adipocytes produce CRP when stimulated with inflammatory cytokines [39] . CRP exposure in vitro decreases muscle protein synthesis and size of myotubes derived from human muscle cells [40] , suggesting CRP may also have a direct effect on muscle mass which could affect performance in the physically strenuous SFAS course.
Higher cortisol was associated with higher probability of selection and correlated with higher resiliency and grit scores. Increased cortisol is an established indicator of the response to acute stress experienced during military training [11, 12] , and basal morning cortisol measures decrease from before to after combat deployment among elite Soldiers [2] . Higher cortisol awakening response (CAR) appears to be positively associated with job and life stress, but negatively associated with measures of burnout [41] . Greater CAR observed on work days compared to weekend days [42, 43] has led to the suggestion that increased CAR may be adaptive in coping with daily demands [44] . The basal morning cortisol measurement in the present study was obtained within approximately one hour upon awakening and may therefore be somewhat reflective of the CAR. Higher morning cortisol also correlated with self-reported resiliency and grit scores, both of which independently predicted successful selection.
Higher SHBG, a glycoprotein that binds testosterone and regulates testosterone bioavailability, was associated with a higher probability of selection (in continuous analyses) and correlated with higher grade level equivalents (TABE score). After adjustment for testosterone, SHBG was also correlated with better performance on several physical events, including number of pull-ups, land navigation, obstacle course, and the fitness test. Aerobic and strength training exercise increase SHBG [45, 46] , and we previously observed increases in SHBG with concurrent increases in lean mass and physical activity during combat deployment among Special Operations Forces Soldiers [2] . Lower serum SHBG is also a risk factor for metabolic syndrome independent of total testosterone [47] . Therefore, SHBG may be indicative of the level of physical activity candidates' engaged in prior to attending the course, as well as a biomarker of metabolic health.
Although there was not a statistically significant association between testosterone and successful completion of SFAS, higher testosterone did weakly correlate with better run and road march performance. Evidence supporting the efficacy of testosterone to enhance athletic performance has primarily been derived from studies on anabolic steroid use or steroid treatment [48] . In addition to promoting muscle strength and mass, it has been suggested that testosterone increases the motivation to engage in competition [49] . Similar to testosterone, DHEA-S, epinephrine, and norepinephrine were not significantly associated with selection, but higher basal concentrations of these markers weakly correlated with worse subsequent performance on several physical events. Higher basal DHEA-S was also weakly correlated with lower resiliency scores. DHEA-S, epinephrine, and norepinephrine rise rapidly following acute stress [11] [12] [13] and higher DHEA-S and DHEA-S to cortisol ratios measured during stress were reported to be associated with better performance in stressful military survival and combat diver training [50] [51] [52] . Rapid changes accompanying stress followed by a return to lower basal concentrations is characteristic of physiological resilience to stress [53] . Therefore, higher basal concentrations of these markers measured prior to the start of SFAS, which should be a low stress condition, may be reflective of impaired recovery from sympathetic nervous system activation accompanying acute or chronic stressors experienced by candidates in situations they may have been engaged in prior to SFAS. Basal markers could also reflect anticipatory stress experienced by some candidates before the difficult course begins.
Limitations
This study has some limitations. Basal physiological markers were obtained prior to the start of the course at one time point because researchers were not permitted to interfere with ongoing selection procedures and obtain blood samples from candidates during the course. This may affect the interpretation of some measures, such as DHEA-S, epinephrine, norepinephrine and cortisol, more than the other measures. DHEA-S, epinephrine, and norepinephrine are expected to be low in the absence of stress and basal measures likely relate to performance differently than when these markers are measured during acute stress. The basal morning cortisol measure obtained in the present study is likely more reflective of the CAR than an acute stress response.
With respect to testosterone, it is possible that correlations between testosterone and physical performance would be larger than we observed if multiple measurements were obtained in the days or weeks preceding the course. Testosterone release follows a pulsatile secretion stimulated by luteinizing hormone [54] , introducing a high degree of intra-individual variability in its measurement [55] . Obtaining multiple measurements for testosterone is a better procedure to assess sustained testosterone release than one measure. It is likely that chronic testosterone exposure would exert greater effects on subsequent physical performance by promoting muscle strength and muscle mass during the period when candidates train for physical events prior to attending SFAS.
Another limitation is that we cannot ascertain whether differences in predictive abilities of various psychological-related measures reflect true differences between measures or differences in the extent to which the measures assess what they purport to evaluate. For example, certain measures, such as grit and resiliency, may rely more on self-assessment than the intelligence and aptitude tests. It is possible this accounts for some of the difference in predictive ability between measures.
Conclusion
In a multi-stressor 19-20 day military assessment and selection course characterized by uncertainty and unpredictability, physical performance measures were most predictive of successful completion, followed by demographics and various psychological predictors. Serum physiological markers, including CRP, cortisol, and SHBG were also predictive to a lesser extent and several physiological markers were weakly correlated with physical performance and psychological measures. This study is unique in that a large number of participants completed the challenging assessment process and the outcome had real-world consequences, a model that cannot be easily simulated in a laboratory environment. These findings may be useful for decision makers planning recruitment, retention, and performance enhancement initiatives and may be generalizable to other high-stress or competitive situations.
